Introduction
Acute exacerbation of chronic obstructive pulmonary disease (COPD) is a common reason for hospital admission. In order to minimize the burden on the National Health Service (NHS), "hospital at home" schemes have been in place at various hospitals throughout the UK through which suitable patients with COPD exacerbations are discharged with support provided by the COPD services. The safety of such schemes is well researched and has been the subject of many trials [1] [2] [3] [4] [5] and systematic reviews. 6 A COPD service has been in place in the Royal Albert Edward Infirmary in Wigan (UK) since November 1999 and provides the necessary support for such patients who are discharged in the community through the "hospital at home" scheme. Such patients are discharged on a full treatment package consisting of course of Prednisolone 30 mg per day for seven days, then reducing by 5 mg per day to zero, Trimethoprim or Tetracycline antibiotics and nebulized Salbutamol and Ipratropium. These patients are also visited in their home by COPD specialist nurses on a regular basis for the first two weeks. On average the COPD specialist nurses visit a patient who has been discharged home between four and five times in the two-week period. Patients who make a satisfactory recovery are then given a six-week appointment with the COPD service and at that point if their condition remains stable, they are discharged back to the care of their GP. If the patient does not improve, the COPD nurses have the authority to admit the patient to hospital during the assessment period.
The National Institute for Clinical Excellence (NICE) in collaboration with the British Thoracic Society (BTS) revised the COPD national guidelines in February 2004 and in the current guidelines it is recommended that patients presenting with COPD exacerbations should be treated in hospital if they have either PaO 2 of less than 7.0 kPa or if they are living alone. 7 Whilst recognizing the safety of "hospital at home" schemes, the original BTS/NICE guidelines admit shortage of evidence to make firm recommendations in deciding which patients with acute exacerbation of The current British Thoracic Society guidelines on COPD recommend that patients with COPD exacerbations should be admitted to hospital if they either have partial pressure of arterial oxygen of Ͻ7.0 kilopascals (kPa) or if they are living alone. This study was carried out to see if either of these factors have any effect on the outcome in patients presenting with COPD exacerbation in the setting of well established COPD services. This study was to see if patients with PaO 2 Ͻ 7.0 kPa or those living alone were readmitted more frequently or had higher mortality than other patients discharged through the same scheme. A retrospective analysis was carried out on 1078 patients with acute exacerbation of COPD who were discharged home through Wigan "hospital at home" scheme in the period between November 1999 and February 2004 prior to the introduction of the new guidelines. This study found that there was no statistically significant difference in the rates of readmissions in patients with low PaO 2 or those living in adverse social circumstances compared to other groups of patients. The number of patients dying in this period was too small to analyse with adequate power.
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Effect of PaO 2 and social circumstances on outcomes in out-patient treatment of COPD exacerbations
COPD should be admitted to hospital in the setting of well-established COPD services. 8 In the absence of firm data, the guidelines recommend admitting patients with PaO 2 levels of Ͻ7.0 kPa to hospital or those who are living alone (Category D evidence). This study therefore attempts to provide some evidence as to the safety of discharge thorough well established COPD services in such patients. This study was undertaken to assess if either adverse social circumstances (defined as a patient living alone and in the absence of any home help from social services or relatives on a daily basis) or a low PaO 2 influence the outcomes in the setting of wellestablished COPD services.
Study design
Prior to the introduction of the new guidelines in February 2004, a total of 1078 patients with acute exacerbation of COPD were discharged home through the COPD service under the "hospital at home" scheme. All patients attending accident and emergency department or medical admissions unit with a provisional diagnosis of acute exacerbation of COPD (sustained deterioration in patient's condition, from a stable state, beyond normal day to day variation that is acute in onset), were assessed for suitability for discharge through the "hospital at home" scheme. As part of this process, all patients were reviewed for the presence of any of the exclusion criteria which would make their discharge through the "hospital at home" scheme unsafe and if any such criterion was present, the patients were not discharged home through the scheme. These were based on evidence from previous trials 3, 5 which looked into the safety of discharge through such schemes. The presence of acidosis was an exclusion criterion both in the original trials and also in Wigan "hospital at home" scheme and hence any patients with acidosis, whether or not they were hypoxic, were excluded from the scheme. Likewise, presence of any severe co-morbid conditions requiring inpatient investigation or treatment as well as presence of any undiagnosed condition or confusion or agitation were exclusion criteria for obvious reasons. Finally, presence of any acute electrocardiographic changes was an exclusion criterion. As an abnormal pH was one of the exclusion criteria, all patients had their arterial blood gases (ABGs) measured as part of their selection process. The ABGs were measured while the patient had been on room air for at least one hour. In addition to ABGs, all patients had a chest X-ray performed along with an ECG for excluding any other condition which could account for their symptoms.
After this selection process, a total of 1078 patients were discharged through the scheme and these patients were referred directly from accident and emergency or Medical Admission Unit, or were sent directly from a GP's surgery without admission to a ward before discharge. All such patients were then followed up at their home for a two week period by the COPD nurses who would on average make between four and five visits during this time. If a patient's symptoms did not improve, the COPD nurses had the authority to readmit the patient to the hospital. Some of the 1078 patients discharged through the "hospital at home" scheme prior to the introduction of the new guidelines had PaO 2 Ͻ7.0 kPa or were living alone without any help from relatives or social services. For the purpose of this study, patients were considered to be living alone if they did not receive any help from relatives or social services on a daily basis and were living by themselves at their place of residence. The end point studied was the rates of readmissions and the purpose of this study was to see if such patients were readmitted more frequently in the two week assessment period which would then necessitate a change in our practice. We also studied the mortality figures to see if there was any significant difference based on PaO 2 levels or social circumstances. Therefore this study was a retrospective analysis of all these patients who were discharged home through the COPD service and the influence of PaO 2 and social circumstances was assessed on their readmission rates and as a secondary measure, on the mortality rates.
Methods
All patients referred to the COPD service for discharge through the scheme were included in a computerized database along with the results of their ABGs. A total of 1078 patients with the diagnosis of acute exacerbation of COPD were discharged through the "hospital at home" scheme between November 1999 and February 2004. Data was collected through case notes review and COPD service database on the patient's PaO 2 and social circumstances. The number of patients readmitted within the two week assessment period was then counted and results analysed to see if either PaO 2 or social circumstances have any influence. As Royal Albert Edward Infirmary was the only hospital in the catchment area with an acute service, all patients who required readmission, were admitted to this hospital and therefore there are none which were lost for analysis. As this study was a retrospective audit on existing data, done in a manner in which individuals cannot be identified, ethics approval was not required.
Analysis
In the first part of the study, the 1078 patients were divided into two groups based on their social circumstances. Of these, 384 were living alone, while 694 were living with a relative or had regular social services support in the form of home help at least once a day. The number of patients readmitted in either of these groups within two weeks was 52 and 87, respectively. By employing the chi-square test on these values, we can demonstrate there is no statistically significant difference in the readmission rates of these two groups (two-tailed P-value 0.6371). Figure 1 illustrates, as percentage, the proportion of readmissions in these two groups.
In the second part of the study, having found that the social circumstances were not influencing the readmission rates, patients were divided into two groups based on their PaO 2 levels. These groups were: PaO 2 levels Ͻ7.0 kPa (n ϭ 132), and PaO 2 levels Ն7.0 kPa (n ϭ 946). The readmission rates in these groups were 18 and 123, respectively. By using the chi-square method based on these values, we can see that there was no statistically significant difference in the rates of readmissions between these two groups (two-tailed P-value 0.8395). Figure 2 illustrates, as percentage, the proportion of readmissions in these two groups.
In the third part of the study, we divided the patients into three groups based on their PaO 2 levels. This was done to assess if there was any cut off value at which the readmission rates were affected by PaO 2 levels. These groups were: PaO 2 Ͻ 7.0 kPa (n ϭ 132), PaO 2 7.0-7.9 kPa (n ϭ 358) and PaO 2 Ն 8.0 kPa (n ϭ 588). The readmission rates in these groups were 18, 45 and 78, respectively. These were again analysed by using the chi-square test and it was demonstrated that there was no statistically significant difference in the readmission rate over two weeks in these three groups (two-tailed P-value 0.9344).
In the next part of the study, the rates of readmissions in patients who had both PaO 2 levels of Ͻ7.0 kPa and were living alone (n ϭ 41) were compared with patients who had neither of these factors i.e, who had both a PaO 2 level of Ն7.0 kPa and were living with a relative, or were supported at home by social services (n ϭ 603). This was done to see if there was any additive effect of these two factors. The rates of readmissions in these two groups were six and 76, respectively. By using the chi-square, again there is no difference in the rates of readmissions between these two groups of patients (two-tailed P-value 0.7059).
In the final part of the study, an analysis was made of the effect of PaO 2 levels and social circumstances on the mortality figures. Of the 1078 patients discharged home, a total of 141 were readmitted to hospital within two weeks as described above. Of the number readmitted to hospital, the total number of patients that died was seven (four males, three females). Of these seven patients, one patient was living alone and had PaO 2 level of more than 7.0 kPa. Another was not alone but had PaO 2 level of less than 7.0 kPa. The remainder had neither of these factors i.e, all of the remaining five patients had PaO 2 levels of more than 7.0 kPa and none were living alone. It is also interesting to note that of these patients who died following their readmission to hospital, only two had acute exacerbation of COPD mentioned as the primary cause of death on their death certificate. The number of patients who died is too small to be analysed with adequate power.
Results
The results of our study suggest that there is no significant difference in the rates of readmissions in patients with either a low PaO 2 or those living in adverse social circumstances when compared to other patients with acute exacerbation of COPD, in the setting of wellestablished COPD services. Even when the two factors were combined together, there was no significant difference in the rates of readmissions. The number of patients that died is too small to be analysed with adequate power. Of the seven patients that died, one had a PaO 2 level of Ͻ7.0 kPa and another was living alone. None had both of these factors in combination.
Discussion
The findings of this study suggest that in the context of well-established COPD services, the readmission rate in patients with acute exacerbation of COPD who have low PaO 2 or are living in adverse social circumstances is not higher than in other COPD patients presenting with acute exacerbations even when both of these factors are present in combination. There are no previous studies available to look specifically at the effect of adverse social circumstances or PaO 2 levels in the setting of well-established COPD services and therefore this study adds to the current available data on the management of COPD exacerbations in the UK and is the first study to suggest that hypoxia in non-acidotic patients with exacerbation of COPD is acceptable for the purpose of home treatment, and that adverse social circumstances do not influence the outcome in terms of the readmission rates in the immediate period after discharge. The effect on mortality should be confirmed in larger studies, preferably done in a prospective manner but given that COPD is a disease which is often present in combination with other conditions, the influence of PaO 2 levels and social circumstances by themselves on mortality would be difficult to quantify. Indeed of the seven patients in this study who died as part of this study, only two had COPD identified as the primary cause of death on their death certificate. Judging from the similar rates of readmissions which would reflect a deterioration in patient's condition, it seems reasonable that there is unlikely to be any adverse effect of either a low PaO 2 level or of living alone, at least in the immediate post-discharge period on the mortality, in the setting of well-established COPD services. Thus our opinion is that low PaO 2 levels, or living alone, by themselves do not require hospitalization in carefully selected patients with acute exacerbation of COPD and that such patients can be safely managed by COPD services at home during the acute exacerbation.
